The effect of increasing dietary vitamin E levels in diets containing animal fat and rape seed oil on the performance, α-tocopherol content of tissues, meat and fat quality, and health of broiler chickens was investigated.
INTRODUCTION
Rape seed oil is a good source of α-linolenic acid (LNA; C 18:3 n-3 ), which is a precursor of long chain n-3 derivatives like eicosapentaenoic acid (EPA; C 20:5 n-3 ) and docosahexaenoic acid (DHA; C 22:6 n-3 ). Polyunsaturated n-3 acids (n-3 PUFA) have a beneficial effect in prevention of coronary heart disease and other disorders (Simopoulos, 1999) , but their consumption in Western countries is below recommended levels (about 0.5-1.0 g/day). Rape seed oil contains about 10% LNA (Koreleski et al., 1998; Pisarski and Malec, 2001) and is characterized by a desirable proportion of n-6 to n-3 fatty acids (about 2 to 1). Addition of rape seed oil to the diet had a beneficial effect on broiler performance (Koreleski et al., 1998) , increased the LNA and PUFA contents and decreased the n-6:n-3 fatty acid ratio in abdominal fat and meat (Barteczko and Borowiec, 2001; Mieczkowska et al., 2001; Banaszkiewicz, 2002) .
Like other fats with high PUFA contents, rape seed oil is sensitive to oxidation, which leads to formation of free radicals, peroxides and other products. Oxidized fat could negatively influence broiler performance (Lin et al., 1989) and lead to deterioration of the quality of poultry products (poor stability, loss of PUFA, developments of off-flavours).
Fat-added feeds used in poultry nutrition sometimes cause the birds to die as a result of fat oxidation and encephalomalacia, e.g. softening of the brain. One of the factors that prevents this disease is vitamin E. Its presence in the body reduces the amount of peroxides and free radicals (Scott, 1980; Sheffy and Williams, 1980) . Supplementing diets with vitamin E above its requirement specified by poultry nutrition standards led to a greater concentration of α-tocopherol in the liver and blood serum in chickens Sell, 1994, 1996; Młodkowski et al., 2002) , in turkeys (Mallorino et al., 1992; Sell et al., 1997) and in laying hens (Cherian et al., 1996) .
In turkeys, Sheldon et al. (1997) demonstrated that high dietary vitamin E levels can influence oxidative stability and processing functionality of breast muscle, resulting in organoleptic properties of turkey meat. Cherian et al. (1996) found that the presence of tocopherols helped maintain lipid stability of eggs, meat and other edible parts of laying hens enriched in n-3 polyunsaturated fatty acids. Erf et al. (1997) concluded that high dietary vitamin E levels appear to enhance the immune system of growing broilers. Also Qureshi et al. (1993) reported that high dietary vitamin E doses improve the immune functions of the humoral and cellular systems in turkeys.
It could be expected that simultaneous application of vitamin E and rape seed oil to broiler diets will have a beneficial effect on stability and fatty acid composition of broiler meat.
The aim of the present experiment was to determine the effect of various vitamin E levels in broiler feeds with added animal fat and rape seed oil on the performance, α-tocopherol content in meat and fat tissues, and quality and fatty acid composition of abdominal fat.
MATERIAL AND METHODS
Starter (0-17 days) and grower diets (18-42 days of age) were supplemented with increasing α-tocopherol levels, i.e. 5, 20 (standard) and 50 mg · kg -1 of feed. Rape seed oil was added to starter diets, and blended fat without or with 10 or 20% rape seed oil was added to grower diets (Tables 1 and 2 ). Blended fat (97% ether extract) of animal origin was supplemented with the antioxidant Rendox (250 mg · kg -1 ). A 6-week feeding trial was carried out with 360 Ross broilers. Day-old chicks were randomly allotted to 9 groups in 5 replications of 8 chickens each and kept in cages with mesh floors. Body weight gains and feed utilization were calculated for the whole experimental period (1-42 days of age). At day 42 of age, 8 chickens (4 ♂ and 4 ♀) from each group were slaughtered by stunning and decapitation. Samples of mixed blood were taken and serum was separated by centrifugation (7500 x g for 10 min) and frozen at -20°C. The birds were plucked, eviscerated, the feet were removed and cooling was followed by determination of post-slaughter weight and weight of abdominal fat and liver. Two large breast muscles (M. pectoralis maior) and one thigh from each carcass were prepared. The right breast muscle and thigh were taken to test the organoleptic quality of meat. Samples of the large breast muscle, blood serum and liver were analysed for α-tocopherol content. Fatty acid composition, acid number and peroxide value (after 6-month storage) were assayed in abdominal fat.
The chemical composition of diets was analyzed using standard methods (AOAC, 1990) . The amino acid content of diets was determined using a Beckman analyzer in acid hydrolysates, after initial oxidation of sulphur amino acids. Metabolizable energy, Ca and available P content in diets were calculated according to the European Table ( 1989) and Nutrient Requirements of Poultry (1996) .
Vitamin E (α-tocopherol) was determined in blood serum, liver and breast muscle with a modified method of Manz and Philipp (1981) . Tissue samples were first subjected to alkaline saponification to remove fats and to release natural tocopherols from the cells. Afterwards the added tocopherol esters were hydrolyzed into free tocopherol, and then the non-saponifying matter was ether extracted. Liquid chromatography (HPLC SpektraSYSTEM, TSP, USA) was used. Chromatographic analysis was performed on an HPLC Supelcosil LC-NH 2 -Np. , 5 um, 250 x 4.6 mm column. A mixture of n-hexane 1,4-dioxan (97:3) was the mobile phase.
Detection was performed with a fluorescent probe at an excitation wavelength of 294 nm and an emission wavelength of 326 nm. Ten μg of dl-α-tocopherol/mL was used as the standard solution for internal calibration.
The composition of fatty acids in abdominal fat was determined with a GC VARIAN 3400 gas chromatograph equipped with a CP-Wax 58, 25 m and 0.53 mm column. Total lipid extracts of samples were prepared for fatty acid analysis by the method of Folch et al. (1957) .
The degree of rancidity of abdominal fat based on acid number and peroxide value was tested according to a standard procedure (PN-73/A-85803) after storage of hermetically sealed samples at -20°C for 6 months.
A sensoric test of chicken meat quality was also carried out. Flavour, juiciness, tenderness and taste were evaluated by a professional panel of 5 skilled members, who judged meat (thigh and breast muscle after roasting in a microwave oven for 20 min at 650 W power) according to 5-point quality scale.
Data were subjected to statistical analysis using two-way factorial analysis of variance. The significance of differences between means was determined by Duncan's multiple range test. All procedures were carried out using Statistica 5.0 PL software.
RESULTS
The level of vitamin E supplementation did not affect body weight gains or feed utilization. The type of fat in the grower period, however, influenced the performance of broilers because the addition of 10% rape seed oil to blended fat resulted in faster growth and better feed conversion. The vitamin E level had no effect on dressing percentage and proportion of adipose fat in the carcass. The dressing percentage was highest when 10% of rape seed oil (in whole added fat) was supplemented to the grower diet (P≤0.05). Mortality rates in the experiment were 4.4% on average for all broilers (Table 3) .
The content of α-tocopherol in serum, liver and breast muscle ranged from 0.36 to 8.69 mg·ml -1 ; 2.53 to 13.69 and 0.25 to 3.62 mg·g -1 , respectively (Table 4) . Increased vitamin E supplements to the diets were accompanied by increases in the content of α-tocopherol in serum, liver and breast muscle (P≤0.01). The α-tocopherol content in serum and breast muscle was lowest when 20% oil (as whole fat) was added to the grower diet, and in liver when 10% oil was added.
Vitamin E supplementation of the diets decreased the acid number and peroxide value of abdominal fat. Addition of rapeseed oil to the diet (10 or 20% in whole added fat) decreased the peroxide value, but when a 20% oil supplement in added fat was used, the acid number was found to have increased (Table 5) .
Organoleptic tests of broiler meat for flavour, juiciness, tenderness and taste of breast muscle and thigh after roasting in a microwave oven demonstrated no differences relative to the level of dietary vitamin E supplement or the type of fat in the grower diet. It is worth noting, however, that the organoleptic score was fairly high in all cases, ranging from 4.17 to 4.47 on a 5-point scale. Vitamin E supplementation at a rate of 20 mg · kg -1 had a significant effect on saturated fatty acid (SFA), monounsaturated fatty acid (MUFA), polyunsaturated fatty acid (PUFA), n-6 PUFA and EPA (C 20:5n3 ) contents of adipose tissue (Table 6 ).
Higher vitamin E supplements were accompanied by increases in SFA and EPA, whereas the effects on MUFA, PUFA and n-6 PUFA were not clear. The content of all fatty acids (except DHA) in adipose tissue was influenced by the proportion of rape seed oil in the grower diet. When the rape seed oil was added to the grower diet, MUFA, PUFA, n-6 PUFA, n-3 PUFA and EPA levels increased, while the SFA and n-6/n-3 levels and SFA/UFA ratio decreased. 
DISCUSSION
Supplementing diets with graded levels of vitamin E resulted in greater contents of α-tocopherol in the liver, serum and breast muscle. Similar observations were made by Mallorino et al. (1992) and Sell et al. (1997) for turkeys, Cherian et al. (1996) for laying hens and Soto-Salanova and Sell (1994 Sell ( , 1996 for chickens. α-tocopherol was not found in adipose tissues, irrespective of the vitamin E level in the feed. A small accumulation of α-tocopherol in adipose tissue was found in our previous research, where double the current level of dietary vitamin E (100 mg/kg) was used (Młodkowski et al., 2002) . In contrast, Cherian et al. (1996) reported that in layers the deposition of α-tocopherol in fat was greater than in muscles. Vitamin E supplementation of the diet did not affect the performance of broilers, while the minor proportion of rape seed oil in the added fat had a favourable effect on weight gain in chickens. Similar findings were reported by Soto-Salanova and Sell (1996) , whereas Butcher et al. (1993) observed a positive correlation between vitamin E level and growth in egg-type pullets. A marked improvement in broiler performance during the starter and grower-finisher period was observed by Koreleski et al. (1995 Koreleski et al. ( , 1998 after incorporation of rape seed oil as a source of unsaturated fatty acids and as an effect of better fat digestibility and energy utilization.
The level of vitamin E and level of rape seed supplementation affected abdominal fat quality. Peroxide values in adipose tissue were clearly related to the vitamin E levels. The obtained results may suggest a positive effect of vitamin E as a natural antioxidant. These properties of vitamin E have been confirmed in numerous studies (Morrisey et al., 1997; Sheldon et al., 1997) . As a lipophilic antioxidant, vitamin E is capable of preventing peroxidation reactions induced by free radicals in lipids of tissue subcellular membranes. It interrupts the free radicals involved at the initial stage of fat autooxidation. In a review, Sheehy et al. (1997) stated the belief that lipid A rape seed oil content in supplemented fat rising from 0 to 10% enhanced the PUFA content in abdominal fat but did not affect peroxide values in stored fat. A higher, 20%, supplement of oil even decreased the peroxide value. That effect could be attributed in part to the presence of vitamin E and selenium peroxidases. The interaction between the vitamin and oil supplements and peroxide value of the abdominal fat pad may suggest a relation between PUFA and vitamin E in tissue as factors affecting the rate of oxidation.
Organoleptic tests of broiler meat suggest that the effects of dietary vitamin E supplements and source/level of dietary fat were not significant. Only Sheldon et al. (1997) reported an improvement in the organoleptic score of turkey meat after higher vitamin E supplementation.
The fatty acid content in stored adipose tissue was clearly affected by the proportion of rape seed oil in the feed. The level of LNA (C 18:3 n-3 ) in abdominal fat confirms that rape seed oil is a good source of n-3 PUFA (Borowiec and Barteczko; Mieczkowska et al., 2001; Banaszkiewicz, 2002) . The health of broilers during the feeding trial and mortality rates do not suggest any direct relationship with the dietary vitamin E levels applied.
CONCLUSIONS
It can be concluded that supplementation of the diet with vitamin E (5-50 mg · kg -1 of diet) has no effect on broiler performance, but positively affects the content of α-tocopherol in the liver, blood serum and breast muscles. The quality of abdominal fat after long deep-freeze storage was positively related to the level of vitamin E. Increasing amounts of rape seed oil added to the grower diet had a beneficial effect on the fatty acid composition of adipose tissue.
